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Content propagation control can include determining a clas-
sification of a message formatted for conveyance over a data
communications network. The classification can be based on
content of the message and determined using a classification
model constructed by analyzing prior message propagation
rates and corresponding propagation paths that are each
associated with one of multiple message content types.
Content propagation control also can include selecting
propagation rate and propagation path control indicators
based on the classification of the message determined using
the classification model and embedding the propagation rate
and propagation path control indicators in the message.

ABSTRACT

20 Claims, 7 Drawing Sheets

400
v
Fo——mmm——————— o ym4s
1 Propagation model refiner IL/
4122 so5 B et ittt 412
A\ \ I \‘
Awareness

Message
b

infused
message

Propagation model

Interarrival time -410

analyzer

|-402

(Content and |
| inter-arrival |
o times) -

N
404



US 11,516,137 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2018/0174190 Al* 6/2018 Ferreira ................ G06Q 50/01
2018/0315083 Al* 11/2018 Makse ..... G06Q 30/0254
2021/0049441 Al* 2/2021 Bronstein ................ GO6N 3/08

OTHER PUBLICATIONS

Wang, Z. et al.,, “Propagation-Based Social-Aware Multimedia
Content Distribution”, ACM Transactions on Applied Perception,
vol. 2, No. 3, Article 1, May 2013, 20 pg.

Mell, P. et al., The NIST Definition of Cloud Computing, National
Institute of Standards and Technology, U.S Dept of Commerce,
Special Publication 800-145, Sep. 2011, 7 pg.

* cited by examiner



US 11,516,137 B2

Sheet 1 of 7

Nov. 29, 2022

U.S. Patent

10

54N

54C

FIG. 1



U.S. Patent Nov. 29, 2022 Sheet 2 of 7 US 11,516,137 B2

Y ooo000)

Workloads
Management
70 O l“ a0 | | LI
\_ , e e e
) )
71 72 73 74 75
Virtualization

ALEE LYY

65 66 67

(o))
o]

Hardware and Software

FIG. 2



U.S. Patent Nov. 29, 2022 Sheet 3 of 7 US 11,516,137 B2

/300

Computer System/Server
312
Memory
328
RAM
330 Storage
System
334
Cache |, T
332
Program/Utility
Processing Unit 340
316
A Program
Modules
318 342
/0 Network
Interface(s) > Adapter
322 320
A A
Display External Devices
324 314

FIG. 3



U.S. Patent

Nov. 29, 2022

Sheet 4 of 7

US 11,516,137 B2

/ 400

F————————————— | _—416
I Propagation model refiner I
412a 49 6\I _______ I _______ 41 <
Awareness
Message Propagation model infused
message
A
414
I____J____'I I____J'____l
I | I
408 | o '
\: Topic analyzer | Interarrival time L/410
I [ analyzer [
I | I
e e N I
402
Analyzer/Modeler ]
| PrToFIITeégages :
: (Content and I
|  Inter-arrival |
\No_ times) _~



U.S. Patent

Nov. 29, 2022

Sheet 5 of 7

502

US 11,516,137 B2

/ 500

510

N

Message consumer A

508 \
N \
Message producer A 506 504
] =1q
514
b 4 \
520 | | 518 | | 516 \— —»
o8 522

\

N

Message producer B

512

N

Message consumer B

530

N

Message consumer C

)

FIG. 5



US 11,516,137 B2

Sheet 6 of 7

Nov. 29, 2022

U.S. Patent

(q14 vﬁﬁvmwlv o

(14X ") 'S—p ex

&)

|

ANN@.TSNNBVleV N> |
@

(12q 1K 1) G—p N

(Tg4x T >3~wlv Qﬁ N

(qx1tm)'5— g

m

I
I
I
I
I
I
I
I
I
I
I
|
I
A|“| A:fﬁ:gvﬂmwlvmxn R
I
I
I
I
I
I
I
I

(M

€3]

©

(n

/ <09



U.S. Patent Nov. 29, 2022 Sheet 7 of 7 US 11,516,137 B2

/w 700

Determine a classification of a message formatted for conveying over a data
communications network, wherein the classification is based on content of the
message and determined using a classification model constructed by analyzing prior | 702
propagation rates and corresponding propagation paths that are each associated with
one of a plurality of message content types.

Select propagation rate and propagation control indicators based on the classification /"7 04
of the message determined using the classification model.

~706
Embed the propagation rate and propagation path control indicators in the message L

Revise the classification model based on inter-arrival times and propagation paths | /708
| of the message that are observed during transmittal of the message. r
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CONTENT PROPAGATION CONTROL

BACKGROUND

The present disclosure relates to the field of electronic
communications, and more particularly, to propagation of
electronic communications over data communication net-
works.

Data communication networks range from device-con-
nected personal area networks (PANSs) to the Internet, which
connects countless individuals to devices and to each other.
Using data communication networks, individuals can com-
municate and share information virtually instantaneously
across the entire globe.

SUMMARY

A method can include determining, with a computer, a
classification of a message formatted for conveying over a
data communications network. The classification can be
based on content of the message and determined using a
classification model constructed by analyzing prior message
propagation rates and corresponding propagation paths that
are each associated with one of a plurality of message
content types. The method also can include selecting propa-
gation rate and propagation path control indicators based on
the classification of the message determined using the clas-
sification model. Additionally, the method can include
embedding the propagation rate and propagation path con-
trol indicators in the message.

A system includes a computer having at least one pro-
cessor programmed to initiate executable operations. The
executable operations can include determining a classifica-
tion of a message formatted for conveying over a data
communications network. The classification can be based on
content of the message and determined using a classification
model constructed by analyzing prior message propagation
rates and corresponding propagation paths that are each
associated with one of a plurality of message content types.
The executable operations also can include selecting propa-
gation rate and propagation path control indicators based on
the classification of the message determined using the clas-
sification model. Additionally, the executable operations can
include embedding the propagation rate and propagation
path control indicators in the message.

A computer program product includes a computer-read-
able storage medium in which is stored program code, the
program code executable by computer hardware to initiate
operations. The operations can include determining a clas-
sification of a message formatted for conveying over a data
communications network. The classification can be based on
content of the message and determined using a classification
model constructed by analyzing prior message propagation
rates and corresponding propagation paths that are each
associated with one of a plurality of message content types.
The operations also can include selecting propagation rate
and propagation path control indicators based on the clas-
sification of the message determined using the classification
model. Additionally, the operations can include embedding
the propagation rate and propagation path control indicators
in the message.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a cloud computing environment according
to an embodiment of the present invention.
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FIG. 2 depicts abstraction model layers according to an
embodiment of the present invention.

FIG. 3 depicts a cloud computing node according to an
embodiment of the present invention.

FIG. 4 depicts a content propagation control system
according to an embodiment of the present invention.

FIG. 5 depicts certain operative features of a content
propagation control system according to an embodiment of
the present invention.

FIG. 6 depicts an example deep neural network architec-
ture used in a content propagation control system according
to an embodiment of the present invention.

FIG. 7 is a flowchart of a method of content propagation
control according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

The ability to disseminate information widely and rapidly
over a data communication network (e.g., local area net-
work, wide area network, the Internet) can provide many
advantages. Occasionally, however, electronic messages—
whether documents, emails, collaboration chats, social net-
work interactions, or other items—can travel too rapidly.
There can be occasions and circumstances in which “going
viral,” is sub-optimal. In such instances, there is an advan-
tage in measuring and controlling the propagation of an
electronic message.

For example, a message over a collaboration channel may
warrant immediate delivery to a select group of collabora-
tors, but optimally be delayed for other collaborators not
directly affected by the message. An advertisement of a
pending sale may target a group of potential customers, but
delivery of the advertisement over the Internet optimally
may be delayed until just before the date of the sale to
maximize the impact. In various other circumstances, given
the specific content of a message, the message’s propaga-
tion—that is the path over which the message is delivered
and the timing of delivery—may significantly affect whether
the intended impact of the message on a target audience is
realized. Message flows can also affect network bandwidth
usage. Accordingly, managing the path and timing the
delivery of messages can assist in utilizing network band-
width more efficiently.

The systems, methods, and computer program products
disclosed herein autonomically and dynamically manage
message propagation by imposing a differential serialization
of messages. The differential involves selecting a propaga-
tion rate and corresponding propagate path of a message
based on the message content. In a virtual sense, a message
is infused with an “awareness” of when and where the
message needs to be delivered depending on the purpose of
the content of the message. For example, a system of
message propagation control can determine that, based on
content, a message to be posted over a data communication
network is either to be posted immediately or otherwise held
in a message queue for a time period before being relayed to
one or more network nodes.

A system of message propagation control can be imple-
mented in any network-connected computer, such as a server
(e.g., cloud-based server), that communicates with one or
more other computers over a data communications network.
For example, message propagation control can be used in
conjunction with or integrated in a content management
system or a component of a cloud platform catalogue of
offered services.
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It is understood in advance that although this disclosure
includes a detailed description on cloud computing, imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Rather, embodiments of the
present invention are capable of being implemented in
conjunction with any other type of computing environment
now known or later developed.

Cloud computing is a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g. networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
effort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.

Characteristics are as follows:

On-demand self-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and personal digital assis-
tants).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There is
a sense of location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specify
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, in some cases automatically, to quickly scale
out and rapidly released to quickly scale in. To the consumer,
the capabilities available for provisioning often appear to be
unlimited and can be purchased in any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
accounts). Resource usage can be monitored, controlled, and
reported providing transparency for both the provider and
consumer of the utilized service.

Service Models are as follows:

Software as a Service (SaaS): the capability provided to
the consumer is to use the provider’s applications running on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even individual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capability provided to
the consumer is to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
configurations.
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Infrastructure as a Service (IaaS): the capability provided
to the consumer is to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer is able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
infrastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).

Deployment Models are as follows:

Private cloud: the cloud infrastructure is operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or off-premises.

Community cloud: the cloud infrastructure is shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or off-premises.

Public cloud: the cloud infrastructure is made available to
the general public or a large industry group and is owned by
an organization selling cloud services.

Hybrid cloud: the cloud infrastructure is a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
ized or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment is service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing is
an infrastructure comprising a network of interconnected
nodes.

Referring now to FIG. 1, illustrative cloud computing
environment 50 is depicted. As shown, cloud computing
environment 50 includes one or more cloud-based comput-
ing nodes 10 with which local computing devices used by
cloud consumers, such as, for example, personal digital
assistant (PDA) or cellular telephone 54A, desktop com-
puter 54B, laptop computer 54C, and/or automobile com-
puter system 54N may communicate. Computing nodes 10
may communicate with one another. They may be grouped
(not shown) physically or virtually, in one or more networks,
such as Private, Community, Public, or Hybrid clouds as
described hereinabove, or a combination thereof. This
allows cloud computing environment 50 to offer infrastruc-
ture, platforms and/or software as services for which a cloud
consumer does not need to maintain resources on a local
computing device. It is understood that the types of com-
puting devices 54A-N shown in FIG. 1 are intended to be
illustrative only and that computing nodes 10 and cloud
computing environment 50 can communicate with any type
of computerized device over any type of network and/or
network addressable connection (e.g., using a web browser).

Referring now to FIG. 2, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
1) is shown. It should be understood in advance that the
components, layers, and functions shown in FIG. 2 are
intended to be illustrative only and embodiments of the
invention are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
software components. Examples of hardware components
include: mainframes 61; RISC (Reduced Instruction Set
Computer) architecture-based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
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components 66. In some embodiments, software compo-
nents include network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
provided: virtual servers 71; virtual storage 72; virtual
networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption of these resources. In one example, these
resources may include application software licenses. Secu-
rity provides identity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement is
anticipated in accordance with an SLA. Workloads layer 90
provides examples of functionality for which the cloud
computing environment may be utilized. Examples of work-
loads and functions which may be provided from this layer
include: mapping and navigation 91; software development
and lifecycle management 92; virtual classroom education
delivery 93; data analytics processing 94; transaction pro-
cessing 95; and content propagation control 96.

A system for content propagation control 96 can include
deriving a propagation model based on an analysis of the
propagation rates and propagation paths of prior messages
grouped according to message content. As defined herein,
“grouped according to content” means messages that pertain
to one or more common topics, identified by topic modeling.
Propagation rates are determined by interarrival times of
messages posted to a data communication network. As
defined herein, “propagation rate” (or “velocity”) is a sta-
tistic or measure determined based on a collection of inter-
arrival times of messages grouped according to content. The
propagation model determines data values (control indica-
tors) that the model predicts will optimally control the path
and timing of delivery of a message given the purpose of the
message content. Using the model-determined results, the
system for content propagation control 96 imbues a message
newly presented for posting with location and temporal
awareness by adding the results to the message. As defined
herein, “locational and temporal awareness” means a mes-
sage embedded with data values (control indicators) to
control the propagation path and propagation rate of the
posting of the message over a data communications net-
work.

The system for content propagation control 96, operating
on a network-coupled computing node (e.g., server), man-
ages message propagation by creating locational and tem-
poral awareness based on content of the message. The
awareness controls a message’s propagation such that the
message arrives at a location (e.g., computing node) at a
time predicted by the model to be best-suited to the purpose
of the message content.
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Referring now to FIG. 3, a schematic of an example of a
computing node is shown. Computing node 300 is only one
example of a suitable computing node (e.g., cloud comput-
ing node) and is not intended to suggest any limitation as to
the scope of use or functionality of embodiments described
herein. Regardless, computing node 300 is capable of being
implemented and/or performing any of the functionality set
forth hereinabove.

Computing node 300 includes a computer 312, which is
operational with numerous other general-purpose or special-
purpose computing system environments or configurations.
Examples of well-known computing systems, environments,
and/or configurations that may be suitable for use with
computer 312 include, but are not limited to, personal
computers, servers, thin clients, thick clients, hand-held or
laptop devices, multiprocessor systems, microprocessor-
based systems, set top boxes, programmable consumer elec-
tronics, network PCs, minicomputers, mainframe comput-
ers, and distributed cloud computing environments that
include any of the above systems or devices, and the like.

Computer 312 may be described in the general context of
computer system-executable instructions, such as program
modules, being executed by a computer or computing sys-
tem. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer 312 may be practiced in
distributed cloud computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed cloud
computing environment, program modules may be located
in both local and remote computer system storage media
including memory storage devices.

As shown in FIG. 3, computer 312 in computing node 300
is shown in the form of a general-purpose computing device.
The components of computer 312 may include, but are not
limited to, one or more processors 316, a memory 328, and
a bus 318 that couples various system components including
memory 328 to processor 316.

Processor 316 can comprise multiple cores that read and
execute program instructions (processor-executable code)
concurrently. For example, processor 116 can comprise four
or eight cores, each of which core can separately execute
multiple instructions of programs specifically designed for
parallel processing and drawn from various application
domains, including general-purpose applications and spe-
cific-purpose applications such as digital signal processing.

Bus 318 represents one or more of any of several types of
bus structures, including a memory bus or memory control-
ler, a peripheral bus, an accelerated graphics port, and a
processor or local bus using any of a variety of bus archi-
tectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnect
(PCI) bus.

Memory 328 can include computer-readable media in the
form of volatile memory, such as random-access memory
(RAM) 330 and/or cache memory 332. Computer 312 may
further include other removable/non-removable, volatile/
non-volatile computer storage media. By way of example,
storage system 334 can be provided for reading from and
writing to a non-removable, non-volatile magnetic media
(not shown and typically called a “hard drive”). Although
not shown, a magnetic disk drive for reading from and
writing to a removable, non-volatile magnetic disk (e.g., a
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“floppy disk”™), and an optical disk drive for reading from or
writing to a removable, non-volatile optical disk such as a
CD-ROM, DVD-ROM or other optical media can be pro-
vided. In such instances, each can be connected to bus 318
by one or more data media interfaces. As will be further
depicted and described below, memory 328 may include at
least one program product having a set (e.g., at least one) of
program modules that are configured to carry out the func-
tions of embodiments of the described.

Computer 312 typically includes a variety of computer-
readable media. Such media may be any available media that
is accessible by computer 312, and includes both volatile
and non-volatile media, removable and non-removable
media.

Program/utility 340, having a set (at least one) of program
modules 342, may be stored in memory 328 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an imple-
mentation of a networking environment. Program modules
342 generally carry out the functions and/or methodologies
of embodiments described herein.

For example, one or more of the program modules may
implement the system for content propagation control 96 or
portions thereof. Program/utility 340 is executable by pro-
cessor 316. Program/utility 340 and any data items used,
generated, and/or operated upon by computing node 300 are
functional data structures that impart functionality when
employed by node 300. As defined within this disclosure, a
“data structure” is a physical implementation of a data
model’s organization of data within a physical memory. As
such, a data structure is formed of specific electrical or
magnetic structural elements in a memory. A data structure
imposes physical organization on the data stored in the
memory as used by an application program executed using
a processor.

Computer 312 may also communicate with one or more
external devices 314 such as a keyboard, a pointing device,
a display 324, etc.; one or more devices that enable a user to
interact with computer 312; and/or any devices (e.g., net-
work card, modem, etc.) that enable computer 312 to com-
municate with one or more other computing devices. Such
communication can occur via input/output (I/O) interfaces
322. Computer 312 can communicate with one or more
networks such as a local area network (LAN), a general wide
area network (WAN), and/or a public network (e.g., the
Internet) via network adapter 320. As depicted, network
adapter 320 communicates with the other components of
computer 312 via bus 318. It should be understood that
although not shown, other hardware and/or software com-
ponents could be used in conjunction with computer 312.
Examples include, but are not limited to, the following:
microcode, device drivers, redundant processing units,
external disk drive arrays, RAID systems, tape drives, and
data archival storage systems.

While computing node 300 is used to illustrate an
example of a cloud computing node, it should be appreciated
that a computer system using an architecture the same as or
similar to that shown in FIG. 3 may be used in a non-cloud
computing implementation to perform the various opera-
tions described herein. In this regard, the example embodi-
ments described herein are not intended to be limited to a
cloud computing environment.

FIG. 4 depicts one embodiment of a system 400 such as
the system for content propagation control 96 described in
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the context of the workload and function examples illus-
trated in FIG. 2. System 400 illustratively includes analyzer/
modeler 402 communicatively coupled to prior messages
database 404. Analyzer/modeler 402 analyzes the prior
messages, and based on the analysis, generates propagation
model 406. Propagation model 406 is a model for identify-
ing the type of the content of a message, and based on
content type, determining a propagation rate and propaga-
tion path for the message when the message is conveyed
over a data communications network.

In one embodiment, system 400 can be implemented in
processor-executable code that resides on a server (e.g.,
cloud-based server) or other type of computer such as
computer 312 of FIG. 3. Accordingly, as processor-execut-
able code, system 400 can reside in a memory such as
memory 328 of computer 312 and can execute on a proces-
sor such as processor 316 when conveyed to the processor
via a bus such as bus 318. The server or computer, for
example, can be communicatively coupled to a LAN, wide
area network (WAN), the Internet, or any other type of data
communications network.

Prior messages database 404, as illustrated, can be elec-
tronically stored on the same computer on which analyzer/
modeler 402 resides, or alternatively, stored separately on a
different device or system accessible via a data communi-
cations network (not explicitly shown). Prior messages can
be gathered from various sources. For example, the prior
messages can be gathered from emails, collaboration hubs,
online platforms, social networking sites and a host of other
networked computing nodes that send and receive electronic
messages. Each prior message collected in prior messages
database 404 comprises a textual rendering.

As electronically rendered text, individual messages com-
prise character strings representing words that can be ana-
lyzed using natural language processing. Analyzer/modeler
402 converts the prior messages collected in prior messages
database 404 into machine-usable data. Analyzer/modeler
402 using the bag-of-words model, for example, can map
prior messages into n-dimensional feature vectors that pro-
vide the inputs to analyzer/modeler 402 for generating
propagation model 406. Propagation model 406 is gener-
ated, in part, based on message content topics identified by
topic modeling and corpus linguistic analysis.

In one embodiment, analyzer/modeler 402 comprises
topic analyzer 408 for identifying one or more topics that
characterize the content of a message. Topic analyzer 408
can identify topics by performing topic modeling using
latent Dirichlet allocation (LDA), for example. Given a
specific number of topics, the LDA algorithm assigns a topic
to each word in the collection of conversations and extracts
topics based on the number of words of each topic present
in each message. LDA is a generative probabilistic, three-
level hierarchical Bayesian model for analyzing discrete
data such as text corpora. Each item of a collection (e.g., text
corpus) is modeled as a finite mixture over an underlying set
of topics, and each topic is modeled as an infinite mixture
over an underlying set of topic probabilities. Accordingly,
the corpora of prior messages collected in prior messages
database 404 and rendered as textual data can be, as with
other text corpora, analyzed by analyzer/modeler 402 using
LDA to identify topics and extract topical indicia from the
prior messages.

Analyzer/modeler 402, in one embodiment, also com-
prises interarrival times analyzer 410, which analyzes the
time between successive postings of messages on a data
communications network (e.g., based on timestamps of
successive postings of messages of a given type). Each
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sequence of messages is grouped according to model-deter-
mined content type (e.g., determined using topic modeling)
such that each message in a group has the same content type.
Referring additionally to FIG. 5, the determination of inter-
arrival times for successive messages, grouped according to
type, is illustrated. [llustratively, first group 502 of messages
504 and 506, identified by a first content type and transmit-
ted by message producer A to message consumers A and B,
traverses propagation paths from computing node 508 to
computing nodes 510 and 512. Second group 514 of mes-
sages 516, 518, and 520, identified by a second content type
and transmitted by message producer A to message consum-
ers A and B, also traverses propagation paths from comput-
ing node 508 to computing nodes 510 and 512. Similarly,
third group 522 of messages 524 and 526, identified by a
third content type and transmitted by message producer B to
message consumer C, traverses a propagation path from
computing node 528 to computing node 530. In general, the
interarrival times of messages, grouped according to content
type, are computed as

At D=9 OO,

where t% is the time that the j-th message of model-
identified content type i is posted on a data communications
network. A group of n+2 messages yields the following set
of n+1 interarrival times: {At/®, A", At®, ..., A}

Interarrival times can be used to determine a propagation
rate, or velocity, of content. One example, of a propagation
rate of messages of a specific model-determined content
type is the average (e.g., moving average over time) of
interarrival times:

1 & ;
velocity; = —ZAI,@]).
n+1 =

Prior messages’ propagation rates and paths correspond-
ing to specific content type are used by analyzer/modeler
402 to generate propagation model 406. Propagation model
406 is used to determine data with respect to future message
postings. Model-determined data can include, for example,
distribution parameters and topic keywords determined to be
most prevalent given a message’s content type. The data can
be included within a message to imbue the message with
locational and temporal awareness. Propagation model 406
can be constructed to determine data values (control indi-
cators) that the model predicts will optimally control the
path and timing of delivery of the message given the purpose
of the message content. Control indicators (e.g., prevalent
keywords, distribution parameters) dictate for the specific
data communications network the velocity and timing of
delivery (propagation rate) of the message, and the mes-
sage’s route over the network (propagation path).

According to one embodiment, control indicators are
distribution parameters and most prevalent keywords. Dis-
tribution parameters determine a probability density distri-
bution (e.g., rate, shape, scale) for modeling interarrival
times. The most prevalent keywords are those having the
k-highest topic modeling scores. Topic modeling can pro-
vide a log-likelihood for each word of a message. The higher
the log-likelihood, the more significant a word is in relation
to an overall discourse to which the message pertains.
Propagation model 406, accordingly, can be constructed to
predict an optimal delivery of a message within a queue,
given the topic relevancy of the message.
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Referring still to FIG. 4, message 412a for future posting
is received via data communication network 414 by system
400 and is converted to awareness infused message 4125 by
adding data (e.g., propagation rate and corresponding propa-
gation path control indicators) determined by propagation
model 406, as described above. In one embodiment, aware-
ness infused messages held in message queues can be
formatted according to JavaScript Object Notation (JSON).
The following is a portion of an example JSON-formatted
message to which have been added, based on a model-
determined content type of the message, distribution param-
eters and the most prevalent topic keywords corresponding
to the content type:

{
“message”: {
“title”: “example message”,
“MsgDiv:{

“title”: “Example Message Title”,
“prop_distribution”: 95.041
“prop_distribution_shape™: 3
“prop_distribution_scale”: 5000

“keyword1”: ‘propagation distribution’
“keyword2”: ‘propagation distribution shape’
“keyword3”: ‘propagation distribution scale’

With awareness infused in a message (propagation rate
and corresponding propagation path control indicators
added), the message posting obtains an awareness of a
model-predicted optimal propagation time given the content
of the message. For example, if a message is posted, based
on the model-predicted optimal propagation time, the mes-
sage can be held in a message queue for a model-determined
time period or posted immediately, and thereafter relayed to
multiple relay points (network-connected computer nodes)
at a model-determined future time. Queue handling of
awareness infused messages (e.g., JSON formatted mes-
sages), according to one embodiment, can be performed in
a sending node, receiving node, and any intervening network
nodes that support the locational and temporal awareness
functionality on a path to the destination.

Propagation model 406, in one embodiment, is a classi-
fication model for classifying messages based on message
content and constructed using machine learning. Various
types of machine learning can be used in constructing the
model. Using a classification learning algorithm, propaga-
tion model 406 takes a collection of labeled messages (a
training set) as inputs and generates a model, which then
takes unlabeled messages as inputs and outputs a model-
determined label or probability for classifying the initially
unlabeled messages based on message content.

Analyzer/modeler 402, in one embodiment, can use a
deep neural network architecture to train propagation model
406. The training set can comprise messages culled from the
prior messages database 404 converted to machine-usable
feature vectors. In addition to message content type, propa-
gation rates, and propagation paths of the prior messages,
additional features optionally can be included in each feature
vector. Additional features can include, for example, chan-
nels on which the message content was posted (e.g., email
system, team collaboration hub, social network) and mes-
sage timestamps at relay points along the paths traversed by
the message. For messages of a given type, timestamps of
message pairs at a specific point can be compared to
determine the interarrival times of the messages of that type.
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Propagation model can be used to identify goals of the
message content (e.g., to inform, to persuade, to entertain)
and the impact of the message content (e.g., determine
whether the message content did inform, persuade, entertain,
or otherwise accomplish the intended goal of the message
content, such the model yields +1 if successful and -1 if
not). A topic-classification model, for example, could be
trained using a set of training examples, which in a pre-
processing step are each labeled by a data analyst who
determines and appropriately labels each training example
according to the example’s goal and impact (e.g., success or
failure). Once trained, the model can classify an unlabeled
feature vector representing a message according to a model-
determined goal of the message and the message’s likely
impact.

Referring additionally to FIG. 6, a deep neural network
architecture 600 according to one embodiment is depicted.
Deep neural network architecture 600 illustratively com-
prises input layer 602, hidden layer 604, hidden layer 606,
and output layer 608. Input layer 602 comprises each
feature, x, of the input vector. (Features can include the
features described above.) Each originating message is a
sequence of words that can be converted to a vector, x, for
input into input layer 602 using a known method such as
term frequency-inverse document frequency (tf-idf), bag-of-
words, or other frequency-based technique. The input vector
to input layer 602, to hidden layer 604 and to output layer
608 is the output vector of the preceding layer. Each unit of
hidden layers 604 and 606 and of output layer 608 applies
a linear transformation, (w,x+b,) and (w,y,+b,), and then
applies an activation function, g, (e.g., a non-linear func-
tion) to each linearly transformed value, yielding y,”<g,
(w,x+b,) and y,"<g(w 'y +b,). The weight vectors, w,,
are learned by applying the backpropagation algorithm to
the training set.

Propagation model 406 can be constructed using various
other machine learning algorithms and statistical methods
for determining data values (control indicators) that the
model predicts will optimally control the path and timing of
delivery of the message given the purpose of the message
content. The data values imbue messages newly presented
for posting with locational and temporal awareness.

Optionally, propagation model 406 can be trained using
machine learning algorithms or statistical methods to iden-
tify key demographics of particular network user community
population. The propagation velocity of a message can be
based on the demographics of the particular network user
community population and an identifiable relationship
between targeted users and an original base audience. For
example, an advertisement related to a new product offered
by a business may be sent over the Internet to all known
customers of the business. The propagation velocity of
messages sent to specific customers who have purchased
similar types of products may be modified to reach those
customers more quickly than the business’ other customers
whose interest in the type of product is not as intense.
Similarly, the velocity of a message sent over an enterprise
LAN regarding an on-going project may be modified to
reach employees directly involved in the project more
rapidly than employees who have only a general interest in
the project.

Optionally, system 400 can also include propagation
model refiner 416 for refining propagation model 406 based
on newly acquired information and data. The data drawn
from prior messages collected in prior messages database
404 will typically contain random variations that can dimin-
ishes the prediction accuracy of propagation model 406.
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Propagation model 406 is constructed to determine data
values (control indicators) that the model predicts will
optimally control the path and timing of delivery of a
message given the purpose of the message content. That is,
the data values added to a message newly presented for
posting imbue the message with location and temporal
awareness. Propagation model refiner 416 assesses the pre-
diction accuracy of propagation model 406 based on
observed timing and propagation paths of messages posted
on a data communications network. The observations can be
fed into propagation model refiner 416, which updates
propagation model 406 accordingly. For example, propaga-
tion model refiner 416 can revise the classification model
based on interarrival times and propagation paths of mes-
sages that are observed during transmittal of the messages
over a data communications network.

FIG. 7 is a flowchart of method 700, according to one
embodiment. Method 700 is a method for content propaga-
tion control and can be performed by a system the same as
or similar to the systems described in reference to FIGS. 1-6
The method can begin with the system receiving a message
formatted for conveyance over a data communications net-
work. At 702, the system determines a classification of the
message. The classification is based on content of the
message and is determined using a classification model
constructed by analyzing prior message propagation rates
and corresponding propagation paths that are each associ-
ated with a specific content type from among multiple types
of message content.

The system at 704 selects propagation rate and propaga-
tion path control indicators based on the classification of the
message, as determined using the classification model. Con-
trol indicators dictate for the specific data communications
network the velocity and timing of delivery (propagation
rate) of the message, and the message’s route over the
network (propagation path). At 706, the system embeds the
propagation rate and propagation path control indicators in
the message. The propagation rate and propagation path
control indicators control when the message arrives via
which paths at which computing nodes.

In one embodiment, analyzing the prior propagation rates
and corresponding propagation paths of prior messages
includes determining a topic associated with each message’s
content type. Determining a topic associated with each
message’s content type is based on topic modeling. Based on
the determined content type of each message, interarrival
times of postings of prior message is analyzed for each
message content type.

The classification model, in one embodiment, is con-
structed using machine learning to train the model using
prior messages. For example, the system can train the model
using machine learning based on a deep neural network
architecture.

Optionally, at 708, the system can revise the classification
model. The classification model can be revised based on
interarrival times and propagation paths of the message that
are observed during transmittal of the message. The classi-
fication model can be revised to eliminate or mitigate the
effect of random variations in prior message propagation
rates and corresponding propagation paths used to construct
the model.

Method 700 can further include modifying a propagation
velocity of a message newly presented for posting. Modi-
fying the propagation velocity can change an expected
content sharing rate of the message. For example, the system
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can provide an override capability that allows a user to
increase or decrease the model-determined propagation
velocity.

Additionally, method 700 can include modifying a propa-
gation velocity of the message based on demographics of a
network user community population. For example, the sys-
tem can determine, based on prior communications, an
identifiable relationship between targeted users and an origi-
nal base audience. Based on the relationship discovered by
the system, the system can increase or decrease the propa-
gation rate of one or more messages newly presented for
posting.

Each of the various method embodiments of content
propagation control can be implemented as a computer
program product at any possible technical detail level of
integration. The computer program product can include a
computer readable storage medium (or media) having com-
puter readable program code stored therein, the program
code executable by computer hardware to initiate operations
including those described herein.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium can be, for example, an electronic storage device, a
magnetic storage device, an optical storage device, an elec-
tromagnetic storage device, a semiconductor storage device,
or any suitable combination thereof. A non-exhaustive list of
more specific examples of the computer readable storage
medium includes the following: a portable computer dis-
kette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a static random
access memory (SRAM), a portable compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD), a
memory stick, a floppy disk, a mechanically encoded device
such as punch-cards or raised structures in a groove having
instructions recorded thereon, and any suitable combination
of the foregoing. A computer readable storage medium, as
used herein, is not to be construed as being transitory signals
per se, such as radio waves or other freely propagating
electromagnetic waves, electromagnetic waves propagating
through a waveguide or other transmission media (e.g., light
pulses passing through a fiber-optic cable), or electrical
signals transmitted through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a LAN, a WAN, and/or a wireless
network. The network can comprise copper transmission
cables, optical transmission fibers, wireless transmission,
routers, firewalls, switches, gateway computers and/or edge
servers. A network adapter card or network interface in each
computing/processing device receives computer readable
program instructions from the network and forwards the
computer readable program instructions for storage in a
computer readable storage medium within the respective
computing/processing device.

Computer readable program instructions for carrying out
operations described herein can be assembler instructions,
instruction-set-architecture (ISA) instructions, machine
instructions, machine dependent instructions, microcode,
firmware instructions, state-setting data, configuration data
for integrated circuitry, or either source code or object code
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Smalltalk, C++, or the like, and procedural
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programming languages, such as the “C” programming
language or similar programming languages. The computer
readable program instructions may execute entirely on a
user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote com-
puter may be connected to the user’s computer through any
type of network, including a LAN or a WAN, or the
connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider). In some embodiments, electronic circuitry includ-
ing, for example, programmable logic circuitry, field-pro-
grammable gate arrays (FPGA), or programmable logic
arrays (PLA) may execute the computer readable program
instructions by utilizing state information of the computer
readable program instructions to personalize the electronic
circuitry, in order to perform the operations described
herein.

Certain embodiments described herein are described with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts. It is expressly noted and is to be understood that each
block of the flowchart illustrations and/or block diagrams,
and combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
readable program instructions.

These computer readable program instructions may be
provided to a processor of a general-purpose computer,
special-purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments. In this
regard, each block in the flowchart or block diagrams can
represent a module, segment, or portion of instructions,
which comprises one or more executable instructions for
implementing the specified logical function(s). In certain
other implementations, the functions noted in the blocks
may occur out of the order noted in the figures. For example,
two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved. It will also be noted that each block of the
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block diagrams and/or flowchart illustration, and combina-
tions of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special-purpose, hard-
ware-based systems that perform the specified functions or
acts or carry out combinations of special purpose hardware
and computer instructions.

FIGS. 1-7 are conceptual illustrations allowing for a full
explanation of the embodiments described. Notably, the
figures and examples above are not meant to limit the scope
of the disclosure to a single embodiment, as other embodi-
ments are possible by way of interchange of some or all of
the described or illustrated elements. Moreover, where cer-
tain elements can be partially or fully implemented using
known components, only those portions of such known
components that are necessary for an understanding of the
disclosure are described, and detailed descriptions of other
portions of such known components are omitted so as not to
obscure the described embodiments. In the present specifi-
cation, an embodiment showing a singular component
should not necessarily be limited to other embodiments
including a plurality of the same component, and vice-versa,
unless explicitly stated otherwise herein. Moreover, appli-
cants do not intend for any term in the specification or claims
to be ascribed an uncommon or special meaning unless
explicitly set forth as such. Further, the disclosure encom-
passes present and future known equivalents to the known
components referred to herein by way of illustration.

The descriptions of the various embodiments have been
presented for purposes of illustration and are not intended to
be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the described embodiments. The terminology
used herein was chosen to best explain the principles of the
embodiments, the practical application or technical
improvement over technologies found in the marketplace, or
to enable others of ordinary skill in the art to understand the
embodiments disclosed herein.

That which is claimed is:
1. A method, comprising:
determining, with a computer, a classification of a mes-
sage formatted for conveying over a data communica-
tions network, wherein the classification is based on
content of the message and determined using a classi-
fication model constructed by analyzing prior message
propagation rates and corresponding propagation paths
that are each associated with one of a plurality of
message content types;
selecting propagation rate and propagation path control
indicators based on the classification of the message
determined using the classification model; and

embedding the propagation rate and propagation path
control indicators in the message.

2. The method of claim 1, wherein the analyzing prior
message propagation rates and corresponding propagation
paths includes determining a topic associated with each
message content type based on topic modeling and for each
message content type analyzing interarrival times of post-
ings of prior messages.

3. The method of claim 1, further comprising revising the
classification model based on interarrival times and propa-
gation paths of the message that are observed during trans-
mittal of the message.

4. The method of claim 1, further comprising modifying
a propagation velocity of the message to change an expected
content sharing rate of the message.
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5. The method of claim 1, further comprising modifying
a propagation velocity of the message based on demograph-
ics of a network user community population and an identi-
fiable relationship between targeted users and an original
base audience.
6. The method of claim 1, wherein the classification
model is constructed using machine learning to train the
classification model using prior messages.
7. The method of claim 6, wherein the machine learning
is a based on a deep neural network architecture.
8. A system, comprising:
a computer having at least one processor programmed to
initiate executable operations, the executable opera-
tions including:
determining a classification of a message formatted for
conveying over a data communications network,
wherein the classification is based on content of the
message and determined using a classification model
constructed by analyzing prior message propagation
rates and corresponding propagation paths that are
each associated with one of a plurality of message
content types;

selecting propagation rate and propagation path control
indicators based on the classification of the message
determined using the classification model; and

embedding the propagation rate and propagation path
control indicators in the message.
9. The system of claim 8, wherein the analyzing prior
message propagation rates and corresponding propagation
paths includes determining a topic associated with each
message content type based on topic modeling and for each
message content type analyzing interarrival times of post-
ings of prior messages.
10. The system of claim 8, wherein the executable opera-
tions further include revising the classification model based
on interarrival times and propagation paths of the message
that are observed during transmittal of the message.
11. The system of claim 8, wherein the executable opera-
tions further include modifying a propagation velocity of the
message to change an expected content sharing rate of the
message.
12. The system of claim 8, wherein the executable opera-
tions further include modifying a propagation velocity of the
message based on demographics of a network user commu-
nity population and an identifiable relationship between
targeted users and an original base audience.
13. The system of claim 8, wherein the classification
model is constructed using machine learning to train the
classification model using prior messages.
14. A computer program product, comprising:
a computer-readable storage medium having program
code stored thereon, the program code executable by
computer hardware to initiate operations including:
determining a classification of a message formatted for
conveying over a data communications network,
wherein the classification is based on content of the
message and determined using a classification model
constructed by analyzing prior message propagation
rates and corresponding propagation paths that are
each associated with one of a plurality of message
content types;

selecting propagation rate and propagation path control
indicators based on the classification of the message
determined using the classification model; and

embedding the propagation rate and propagation path
control indicators in the message.
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15. The computer program product of claim 14, wherein
the analyzing prior message propagation rates and corre-
sponding propagation paths includes determining a topic
associated with each message content type based on topic
modeling and for each message content type analyzing
interarrival times of postings of prior messages.

16. The computer program product of claim 14, wherein
the operations further include revising the classification
model based on interarrival times and propagation paths of
the message that are observed during transmittal of the
message.

17. The computer program product of claim 14, wherein
the operations further include modifying a propagation
velocity of the message to change an expected content
sharing rate of the message.

18. The computer program product of claim 14, wherein
the operations further include modifying a propagation
velocity of the message based on demographics of a network
user community population and an identifiable relationship
between targeted users and an original base audience.

19. The computer program product of claim 14, wherein
the classification model is constructed using machine learn-
ing to train the classification model using prior messages.

20. The computer program product of claim 19, wherein
the machine learning is a based on a deep neural network
architecture.
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